The prevalence of obesity has increased to epidemic status worldwide. Thousands of morbidly obese individuals undergo bariatric surgery for sustained weight loss; however, mid-and long-term outcomes of this surgery are still uncertain. Our objective was to estimate the 10-year mortality rate, and determine risk factors associated with death in young morbidly obese adults who underwent bariatric surgery. All patients who underwent open Roux-in-Y gastric bypass surgery between 2001 and 2010, covered by an insurance company, were analyzed to determine possible associations between risk factors present at the time of surgery and deaths related and unrelated to the surgery. Among the 4344 patients included in the study, 79% were female with a median age of 34.9 years and median body mass index (BMI) of 42 kg/m 2 . The 30-day and 10-year mortality rates were 0.55 and 3.34%, respectively, and 53.7% of deaths were related to early or late complications following bariatric surgery. Among these, 42.7% of the deaths were due to sepsis and 24.3% to cardiovascular complications. Male gender, age §50 years, BMI §50 kg/m 2 , and hypertension significantly increased the hazard for all deaths (P,0.001). Age §50 years, BMI §50 kg/m 2 , and surgeon inexperience elevated the hazard of death from causes related to surgery. Male gender and age §50 years were the factors associated with increased mortality from death not related to surgery. The overall risk of death after bariatric surgery was quite low, and half of the deaths were related to the surgery. Older patients and superobese patients were at greater risk of surgery-related deaths, as were patients operated on by less experienced surgeons.
Introduction
The prevalence of obesity in many developed countries has reached the status of a global public health problem. In Brazil, 12.5% of men and 16.9% of women are affected by obesity. Obesity currently affects at least 18.5 million Brazilian individuals over 20 years of age, and morbid obesity, i.e., those whose body mass index (BMI) is equal to or above 40 kg/m 2 , affects 0.8% of the population, which represents approximately one million persons. In the last 5 years, there was an increase of 70% in the number of morbidly obese individuals in Brazil. The distribution of this condition by gender is 0.4% for men and 1.1% for women (1) .
Obese and extremely obese individuals are more prone to comorbidities, a lower quality of life, and shorter life expectancy compared to normal-weight individuals (2) . Bariatric surgery has been shown to be more beneficial in terms of reduction of morbidity and weight loss compared with more conservative approaches (3, 4) . Currently, it is well known that superobesity (BMI §50 kg/m 2 ), hypertension, diabetes mellitus, older age, and male gender are associated with an increased short-term mortality and adverse outcomes after bariatric surgery (5) (6) (7) (8) (9) (10) (11) (12) ; however, the influence of these factors on long-term mortality is still uncertain.
Information on the results of bariatric surgery in the long term is scarce. The aim of the present study was to assess the 10-year mortality rate of morbidly obese patients in a Brazilian private health maintenance organization (HMO), as well as its associated factors.
Material and Methods
This nonconcurrent prospective cohort study included all morbidly obese patients who underwent bariatric surgery under the care of a private HMO in the city of Belo Horizonte, MG, Brazil, from January 2001 to December (13) . Our preoperative investigation protocol included age, gender, BMI, a detailed medical history containing the list of comorbidities provided by the reference physician, and a psychological assessment by a psychiatrist who attested that the patient was psychologically stable enough to undergo surgery. Twelve patients were excluded from the analysis because they underwent bariatric surgery twice during the follow-up period.
Before surgery, a medical audit identified and notified the presence of the following comordibities: hypertension, diabetes mellitus, obstructive sleep apnea, and arthropathy. Hypertension was deemed to be present if the patients were taking anti-hypertensive medication or had blood pressure levels §140/90 mmHg at the time of audit (14) . Diabetes mellitus was defined as a medical diagnosis and/or the use of oral anti-diabetic medication and/or insulin (15) . The presence of sleep apnea was identified by a formal diagnosis prior to the time of audit or the finding of an altered polysonnography (16) . Arthropathy was judged present if formally diagnosed or by the presence of a related alteration in an image scan. All surgeries were performed as open Roux-in-Y gastric bypass.
Vital status and causes of death during the follow-up period were ascertained by means of a probabilistic record linkage using the Brazilian National Information System on Mortality (SIM). SIM has a very high coverage (almost 100%) of the deaths occurring in the South and Southeast regions of Brazil, where our study was located (17, 18) . Record linkage consisted of a three-stage process --one deterministic and two probabilistic (19) --to obtain the corresponding death record and the official cause of death according to the International Classification of Diseases code (ICD-10 version). After identification, the causes of death were then grouped into 1) related or unrelated to the surgical procedure, and 2) being from natural causes or violence (external causes). Violent deaths included deaths from accidents, poisoning, suicides, and assault, and all the other deaths were regarded as being from natural causes. The inclusion of death in each of these categories was adjudicated independently by two of the authors (SMBK and MFHSD); when there was disagreement, a third coauthor reviewed the case (SMB).
The surgeon's expertise was determined from the number of surgeries performed per year by each surgeon (,20 or §20 bariatric surgeries). This cut-off was chosen based on the findings by Flum and Dellinger (8) of an increased mortality risk in patients operated by surgeons who had performed less than 20 procedures in their lifetime.
Statistical analysis
Descriptive analysis and the Pearson chi-squared test were used to verify the association between categorical variables. The normality of the distribution of continuous variables was verified by drawing a histogram and plots (Supplementary material). If the variables showed no indication of a normal distribution, median and interquartile ranges are reported rather than mean and standard deviation. The Mann-Whitney two-sample rank sum test was used for differences between medians. The Levene test assessed the equality in variance of these variables. Percentage distributions of each of the different causes of death in the overall number of deaths were computed.
Data were set for survival analysis with vital status as the failure variable. The time variable was the difference in years between entry (the date of bariatric surgery) and the end of follow-up or the date of death, if it occurred before the end of the study. Median and interquartile ranges of survival time after surgery are reported for all deaths and according to the category of the death (related or unrelated to surgery and from natural causes or violence).
Kaplan-Meier survival probability curves are reported for each gender and according to selected patient characteristics: age group (,50 vs §50 years) and BMI (,50 vs §50 kg/m 2 ). Statistical differences between survival curves were analyzed by the log-rank test. Because there was no evidence that gender modified the effect of age and BMI on survival after bariatric surgery, the regression analysis was not stratified by gender.
A parametric model (the Weibull distribution) was used (20) to assess the factors statistically associated with all-cause mortality and each category of cause of death specified and to estimate the hazard ratios and their 95% confidence intervals. The Weibull model was chosen over other parametric models because of its flexibility and ability to model hazard functions that are decreasing, increasing, or constant over time. All variables with a P value ,0.20 in the univariate analysis were considered a candidate for the multivariate analysis and remained in the final model if P was #0.05.
Epi Info 6.04 (USA) was used for the descriptive analysis, and Stata Statistical Software: (Release 12; USA) was used for the survival and Weibull regression analyses.
Results
A total of 4344 patients from January 1, 2001 to December 31, 2010 were included in the study. At surgery, patients presented a median age of 34.9 years (28.6 and 43.6 years as first and third quartiles, respectively). Among all patients, 3443 (79.3%) were female, 1723 (39.7%) were hypertensive, 529 (12.2%) had diabetes, 603 (13.9%) had arthropathy, and 277 (6.4%) had sleep apnea. BMI ranged from 35 to 82 kg/m 2 (median of 42 kg/m 2 with 40 and 46 kg/m 2 as first and third quartiles), and 499 (11.5%) were superobese (BMI §50 kg/m 2 ). Male and female patients differed significantly with regard to BMI, surgeon experience, and prevalence of hypertension, diabetes, arthropathy, and sleep apnea. There was no gender difference in the proportion of deaths from causes related to the surgery. The proportion of deaths not related to surgery and from all causes was greater among men ( Table 1) .
The duration of follow-up ranged from 1 month to 10 years, with a median of 4.1 years (mean±SD, 4.07±0.04 years). Considering all causes of death, there were 24 deaths (0.55%) in the first 30 days after surgery and 82 deaths (1.9%) during the entire observation period. The 10-year rate of death was 3.3% based on 197 bariatric surgery patients who entered the study in 2001 and were followed up to 2010 ( Table 2) .
The surgeries were performed in 19 different hospitals, and 80% of the procedures occurred in four hospitals. Fiftynine surgeons performed the surgeries, with seven surgeons being responsible for 70% of the procedures. Those seven surgeons performed more than 20 surgeries per year. In total, 157 of 3443 female patients had at least one pregnancy after the bariatric surgery, with a mean time from surgery to delivery of 2.7 years.
In total, 69 (84.1%) deaths occurred from natural causes (disease-related) and 13 deaths (15.9%) due to violence (Table 3) . Forty-five (54%) deaths were classified as strictly related to surgery. Sepsis, either early or late onset, was the most frequent cause of death among all deaths from natural causes, and 23 (28.0%) deaths were related to sepsis and occurred up to 60 days after the procedure. The second most frequent cause of death in the natural cause subgroup was cardiovascular disease, with a significant impact of thromboembolism. Seven of 13 patients had thromboembolism and died within 15 days of surgery. Five patients presented with late intestinal ischemia, 3 with bowel infarction, and 2 with late limb ischemia. The other cardiovascular-related deaths were distributed as follows: 5 patients died of myocardial infarction (3 of them in the first 60 days after the procedure), 1 died after heart valve surgery, and 1 due to hepatic thrombosis.
Cancer was a relevant cause of death in the diseaserelated subgroup, with seven occurrences as follows: pancreatic cancer (2); cancers of the stomach (1), colon (1), neck (1), and ovaries (1); and multiple myeloma (1) . Two women died during pregnancy. One presented severe malnutrition, demanding parenteral nutrition, and died after a pre-term cesarean section, 30 months after bariatric surgery. The second died after a laparoscopic procedure to treat intestinal occlusion, at 36 weeks of pregnancy, 6 years after bariatric surgery. In the subgroup of violent causes, suicide was the main cause of death (Table 3) . Table 3 shows the median and interquartile range of survival time from the date of surgery (entry to study) to the end of the study or the date of death, whichever occurred first. Most deaths related to surgery occurred in the first year of follow-up, and no death occurred after 7 years of observation. Figure 1 shows the Kaplan-Meier survival curves for deaths related and not related to surgery according to age and BMI groups for men and women. Survival curves for deaths related to surgery ( Figure 1A and B) differed significantly according to age and BMI groups, both in men and women, while the survival curves for deaths not related to surgery only differed by age group in both genders ( Figure 1C and D) .
In the univariate analysis, age greater than 50 years and BMI §50 kg/m 2 at surgery increased the hazard ratio of death from all causes, while hypertension and diabetes increased the risk of death only among women. When considering only the deaths related to surgery, BMI §50 kg/m 2 was associated with a higher hazard ratio. Age greater than 50 years and hypertension were associated with increased mortality from death not related to the bariatric surgery (Table 4) . Table 5 shows the results of the multivariate analysis for all causes of death, and death related or not related to surgery. Male gender, age §50 years, BMI §50 kg/m 2 , and hypertension remained significantly associated with increased mortality from all causes. Age §50 years, BMI §50 kg/m 2 , and low experience of the surgeon elevated the hazard of death from causes related to surgery. Male gender and age §50 years were the only factors associated with increased mortality from death not related to surgery.
Discussion
In the present study, the 30-day mortality rate was 0.55%, and the 10-year mortality rate was 3.34%. Considering the entire period of study, mortality from causes related to surgery was 1.0% and from violent death was 0.3%. Early mortality rate was similar to that observed in other studies of patients who underwent the Long-term mortality after bariatric surgeryof higher mortality rates to lower surgical experience. However, compared with our cohort, studies involving predominantly laparoscopic procedures presented lower mortality rates, such as 0.2% (7), 0.3% (24), and 0.4% (25) . For this study, the 10-year mortality rate was lower than the rate found in large population-based cohorts, but those included several other surgical techniques (3, 7, 8, 26) . The present cohort, with a mean patient age of 36.2±10.5 years, represents the youngest population ever studied (3, 5, 8, 9, 25, 27) , as well one with the lowest mean BMI (43.3 kg/m 2 ) reported (5, 8, 25, 27) , only behind the cohorts of Sjo¨stro¨m et al. (3) and Adams et al. (9) . These characteristics may explain, at least in part, our findings of low mortality rate.
Higher preoperative BMI remained a predictor for overall death and for deaths related to surgery. KaplanMeier curves show that BMI above 50 kg/m 2 is associated with early death after bariatric procedure. Sjo¨stro¨m et al. (3) did not find any significant association between the BMI subgroup and mortality, but their cut-off point was 40.8 kg/m 2 . Arteburn et al. (26) also found a significantly increased risk of death among superobese patients ( §50 kg/m 2 ). Overall, just over half of the deaths were related to the surgery. Anastomotic leak associated with sepsis was the first and thromboembolism was the second cause of early deaths. In the present study, the frequency of sepsis was higher and the frequency of thromboembolism was lower compared to the results of other authors (5, 7, 25) . In most studies, the percentages of death due to infection and thromboembolism vary from 7 to 18% and from 4 to 38%, respectively (5, 7, 22, 26) . The lower frequency of deaths from thromboembolism may be explained by the younger age and lower BMI of the patients in our cohort.
The surgeon's low experience, defined as less than 20 surgeries per year, was associated with an increase in mortality from causes related to surgery. The role of the surgeon's experience in the outcome of bariatric surgery has been previously addressed. (8, 22, (28) (29) (30) . However, different cut-off points were used to define surgeon low experience, ranging from 15 to 50 procedures/year (29, 30) . Nevertheless, results were all consistent regarding the lower mortality rates of patients operated on by more experienced surgeons.
Male gender has been associated with lower survival rates after bariatric procedure in several studies (6, 7, 21) , when analyzing all causes of death. This may be explained by factors not related to the bariatric surgery itself. Men generally have a higher overall risk of death than women, mostly due to violence and other genderrelated factors, such as drinking, smoking, and other behaviors (31) (32) (33) . Thus, the finding of no association between male gender and mortality related to surgery seems reasonable and in accordance with the findings from most long-term follow-up studies (3, 8, 9, 22, 26, 34) .
In the present cohort, 157 women became pregnant after bariatric surgery. Two of them died, one due to intestinal obstruction and the other to severe malnutrition. This result represents more than 50 times the maternal mortality rate compared to the general population (35) . Because of the low numbers, it is not possible to test whether the risk of these complications is elevated following bariatric surgery. Mothers with prior bariatric surgery, regardless of obesity status, are more likely to have anemia, chronic hypertension, endocrine disorders, and small for gestational age infants (36) . While there are many potential benefits of bariatric surgery for women considering future pregnancy, there might also be some risks, and support from a multidisciplinary team during pregnancy is evident (37) . Based on 13 case reports, Maggard et al. (37) found 14 complications requiring surgical intervention such as small bowel obstructions due to internal hernia, mid-gut volvulus (1 from adhesions), (38) . Suicides comprised 10% of all deaths in our cohort, which suggests that the preoperation protocol may require improvement to capture tendencies for alcoholism and self-harm behavior. The association between obesity and fatal and nonfatal suicide is controversial (39) , but it appears that bariatric surgery patients are at increased risk of suicide (40) . Heneghan et al. (40) found an increased risk of suicide among obese individuals, which persisted after bariatric surgery intervention. Although our study does not show an association between bariatric surgery and suicidal behavior, given the lack of a control group, our results suggest that further research is warranted to find the optimal approach to evaluate candidates for surgery, including extensive psychological preprocedure evaluation and long-term follow-up.
This nonconcurrent cohort has strengths and weaknesses. It is based on registry data that were not generated specifically for a research purpose. Nevertheless, the study took advantage of a wellstructured database that included administrative data. Additionally, there were audits performed by the same surgeon for every candidate for bariatric surgery. Although the audit was not intended to be part of the research, data collected by the same surgeon provides data consistency. We assumed that all individuals were alive at the end of the study if they were not found in the Mortality System database.
Compared to other studies, the patients in our cohort were younger and had a lower BMI. This may be due to the easy access to surgical procedures experienced by these patients once they are covered by a private healthcare organization where there are no coverage-limiting restrictions. The external validity of the present findings may be limited to individuals covered by health plans and with access to the same hospitals included in this study, but the associations found are likely to represent true risk factors for mortality from causes related to bariatric surgery. This study represents the first long-term assessment of the outcomes of bariatric surgery in a large Brazilian cohort. Thousands of morbidly obese patients undergo bariatric surgery as the final attempt to lose weight. In these patients, death, up to 10 years after the procedure, is a rare event, but can be reduced further by improving surgeon experience and reducing the BMI of superobese patients before surgery. We did not confirm that male gender is a risk factor for long-term deaths related to bariatric surgery. The high suicide rate after the procedure suggests the need for improving the patient's pre-and postoperative psychological evaluation and follow-up control.
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